Abstract Substance use disorder (SUD) in women of reproductive age is associated with adverse health consequences for both women and their offspring. US states need a feasible population-based, case-identification tool to generate better approximations of SUD prevalence, treatment use, and treatment outcomes among women. This article presents the development of the Explicit Mention Substance Abuse Need for Treatment in Women (EMSANT-W), a gender-tailored tool based upon existing International Classification of Diseases, 9th Edition, Clinical Modification diagnostic code-based groupers that can be applied to hospital administrative data. Gendertailoring entailed the addition of codes related to infants, pregnancy, and prescription drug abuse, as well as the creation of inclusion/exclusion rules based on other conditions present in the diagnostic record. Among 1,728,027 women and associated infants who accessed hospital care from
Introduction
Substance use disorder (SUD) is widely recognized as a complex, chronic disease [1] . While 2013 estimates of current illicit drugs use and current alcohol use among persons aged 12 and older are higher for men (11.5 and 57.1 %, respectively) than for women (7. 3 and 45.7 %, respectively) [2] , research indicates women progress more rapidly to problem use [3, 4] . Moreover, SUD is not only associated with adverse health outcomes for the woman, but also with adverse obstetric and health outcomes for her offspring [5] [6] [7] [8] [9] [10] [11] . Because screening for SUD among women in primary or prenatal care is not universal [12, 13] , opportunities are likely missed to identify women in need of SUD evaluation and treatment referral.
Methods currently used to obtain population-level prevalence estimates of women in need of SUD treatment are gender neutral. They include medical record review, national self-report surveys, and retrospective analysis of administrative data from intervention research [8, [14] [15] [16] [17] [18] [19] . These may not provide adequate estimates among both genders. States need better approximations of SUD treatment need, use, and outcomes by gender to support compliance with new quality and cost monitoring measures mandated under the Patient Protection and Affordable Health Care Act [20] . Recent studies have demonstrated that the prevalence of drug use during pregnancy can be estimated by analyzing diagnostic codes in hospital administrative data [21] [22] [23] . This type of method is currently the only one that states could feasibly apply at the population-level outside of a research context to identify those in need of SUD treatment, and suggests an avenue to tailor the method to identify women in particular.
The Clinical Classifications Software for Mental Health and Substance Abuse (CCS-MHSA) [24] is widely used to group hospital administrative records with substance-related and mental health disorder diagnoses [18, [25] [26] [27] ; and it is gender neutral. However, the CCS-MHSA does not distinguish SUDs from co-occurring mental health disorders or from legitimate substance use associated with health disorders. Because mental health disorders are more common among women than among men [28] , a mental health diagnosis may have poorer specificity in identifying SUD among women than among men. Moreover, the CCS-MHSA does not include substance-related poisoning codes and therefore may miss individuals with an SUD who receive a substance-related poisoning code but no accompanying abuse or dependence code [29] . For example, there may be a poisoning code for Naloxone (970.1), which is not itself a drug of abuse but is administered solely as an antidote to opioid overdose, with no accompanying abuse or dependence code [30] . Furthermore, tailoring to known differences in SUD patterns between men and women requires attention to differences in reasons for seeking health care. Women of reproductive age primarily see obstetrician-gynecologists, and the inclusion of information gleaned from records of pregnancy and delivery complications are essential for identification of women with SUD. Women are particularly reluctant to disclose substance use because in 16 states, substance abuse during pregnancy is considered child maltreatment [31] , and SUD at any time may result in reports to child protective services which may lead to loss of custody. In the absence of free disclosure, evidence of use garnered from pregnancy complications and conditions of the neonate in hospital, birth and fetal death records will support identification of treatment need among mothers. Lack of inclusion of this evidence is a critical gap in existing algorithms.
The aim of this study was to develop a theoretically sound and woman-specific, population-based SUD identification tool to be used by researchers, public health planners and policy makers who wish to analyze patterns of and outcomes related to substance use disorders in their states. Our approach was guided by three criteria: (1) the tool would be sensitive enough to capture discharge diagnoses strongly suggestive of an SUD in need of further assessment, with or without dependence; (2) the tool would be specific enough to distinguish SUD from background mental health conditions; and (3) the tool would be tailored to women of reproductive age using indirect sources of information about substance use that are not usually included in gender-neutral grouping algorithms.
The foundation for the Explicit Mention Substance Abuse Need for Treatment in Women (EMSANT-W) algorithm was a methodologically rigorous measure of interstate variations in the rates of substance abuse/ dependence and unmet treatment need among the general population, the Substance Need Index (SNI), developed by McAuliffe and colleagues using multiple years of inpatient hospital discharge data, mortality data, and arrest records [32] [33] [34] . The SNI's algorithm for hospital data was a major step forward from the CCS-MHSA in that it only used International Classification of Diseases, 9th Edition, Clinical Modification (ICD-9-CM) diagnostic codes directly associated with substance use (so-called ''explicit mention'' measures that had 100 % alcohol-and drug-attributed fractions) and excluded diagnoses associated with drugs that had minimal potential for causing drug use disorders (e.g., tricyclic antidepressants, antibiotics) and drug poisonings coded as self-inflicted (i.e., suicide attempts), adverse effects of therapeutic use, or assault.
We describe the EMSANT-W algorithm, an adaptation of the SNI that identifies women of reproductive age who have indicators of possible SUD that merit treatment, broadly defined as evaluation and further referral for needed treatment or post-treatment monitoring. EMSANT-W uses women's own diagnosed health conditions and those of their neonates to capture evidence for SUD. In this study we (1) describe EMSANT-W as an example of tailoring an SUD identification algorithm to a specific population, in this case women of reproductive age; (2) compare the number of SUD cases identified by EMSANT-W with those identified by the most commonly used grouping tool, the CCS-MHSA; and (3) evaluate differences across the two algorithms in SUD prevalence by type of substance used.
Methods

Data Sources and Sample
This investigation used two major data sources: (1) 
Data Linkage
A multi-step data linkage was developed for this study to identify individual women in the CHIA dataset from incident-level data. We also linked women to any associated births contained in the PELL data system for the study period.
Step 1: Cleaning of Data Elements in Incident-Level CHIA Data in Order to Aggregate Records to the Woman-Level
The CHIA episodic-level hospital use data contained 6,347,310 total records from 2002 to 2008. The elements used for linkage of multiple records belonging to an individual woman included the universal hospital identification number (UHIN; an encryption of the patient's social security number), birth date, and hospital medical record number (MRN). UHINs, the strongest linkage element, were present for 5,904,323 records (93 %) of the hospital discharge records. Records were linked in 3 steps: (1) exact match on UHIN; (2) match on 7 of the 9 UHIN digits plus exact match on MRN and birth date; and (3) exact match on MRN and birthdate. Most women (82.7 %) were matched in steps 1 and 2.
Step 2: Linkage to the PELL Data System PELL includes mothers with inpatient delivery records and links 99 % of Massachusetts birth/fetal death certificates with maternal and infant delivery records in an eight-step linkage algorithm, detailed elsewhere [35, 36] . Birth certificate and hospital data on infants contained in PELL are longitudinally linked to maternal hospital data in CHIA using the mother's UHIN.
Development of the EMSANT-W Algorithm
The EMSANT-W algorithm was developed using an iterative process. First, a list of ICD-9-CM codes indicators of likely/presumptive SUD was formed. Next, inclusion/ exclusion rules were developed based on the presence of specific codes in the other diagnosis fields. We then assessed the internal validity and factor structure of how these indicators clustered and refined the list and inclusion/ exclusion rules accordingly (see next section).
The Indicator List
We began with a combined list of ICD-9-CM diagnostic and emergency codes from the CCS-MHSA and SNI lists. The CCS-MHSA uniquely contributed conditions affecting pregnancy or fetuses/newborns; and the SNI uniquely contributed poisoning-related codes. We added some additional poisoning-related codes, described below, and toxicology screen results from the ''abnormal conditions of newborn'' section of the Massachusetts birth/fetal death certificates (Table 1) .
Inclusion/Exclusion Rules Development
The CCS-MHSA includes all codes regardless of what is contained in other diagnosis and emergency code fields for an individual record, and therefore lacks precision in separating SUDs from drug-induced disorders with other causes (e.g., anesthetic complications of labor and delivery). To address this limitation, we adopted the SNI's more methodologically rigorous approach of applying inclusion/ exclusion rules based on combinations of the nature of the poisoning (i.e., diagnostic code for type of substance) and the emergency (E-code) indicating the manner in which the poisoning occurred (accidental overdose; adverse effects of therapeutic use; self-inflicted/suicide attempt; assault; or undetermined). With few exceptions, the SNI includes records with a nature code by itself, a nature code in conjunction with an accidental E-code for that specific drug, or the accidental E-code by itself. To create the rules for EMSANT-W, we performed a code-by-code examination of the SNI inclusion/exclusion rules. Adaptations were made which both broadened and narrowed the SNI rules as needed. Rules were broadened to include undetermined cause poisoning E-codes because of the known reluctance among clinicians to specify SUD among women due to legal repercussions, such as the removal of children from the home [37] . Adaptations narrowed the SNI rules to exclude poisoning codes occurring along with conditions managed through prescribed medication, based on the Table 1 for specific inclusion and exclusion decisions. Codes were grouped into two categories. Those explicitly mentioning abuse or dependence (explicit dependence codes, EDC) were used as a marker for SUD regardless of what other codes co-occurred in other diagnosis fields for that record. All of the dependence 303.xx/304.xx and abuse 305.xx series codes were considered to be EDC codes (with the exclusion of 305.1x, tobacco use disorder, and 305.8x, antidepressant abuse). Other codes that specifically mentioned controlled substances on the Drug Enforcement Agency schedules I and II were also categorized as EDC codes (see http://www.deadiversion.usdoj.gov/schedules/ index.html#define). Codes less directly associated with dependence were specified as likely dependence codes (LDC). These LDC codes were subject to inclusion/exclusion rules based on the co-occurring ICD-9-CM codes in the other diagnosis fields for that record. LDC codes included poisoning codes and pregnancy and fetal/newborn related codes other than those specifying schedule I or II controlled substances.
Analysis of Factor Structure
Because individual ICD-9-CM codes are part of larger condition types, the EDC and LDC categories were further subdivided into the following five condition types: abuse/ dependence (EDC), drug-induced disorder-EDC, druginduced disorder-LDC, poisoning-EDC, and poisoning-LDC. These five groups were run in a factor analysis to determine how the EDC and LDC groups clustered together in order to consider whether modifications to the indicator list or inclusion/exclusion rules were needed. Low factor loadings for the LDC drug disorder category and the need to examine the LDC poisoning codes that were not on the SNI or CCS-MHSA lists prompted examination of the co-occurrence of LDC drug disorder and poisoning codes with EDC codes at the woman level (i.e., not necessarily in the same hospital record, but occurring for the same woman across hospital records). A co-occurrence threshold of B67 % was set for inclusion, which resulted in the deletion of some codes.
The factor analysis revealed one factor with an Eigenvalue of 1.34. Four of the five condition type groups had factor-one loadings of 0.30 or greater. The factor loading of 0.27 for the poisoning-EDC category was acceptable given the large sample size, although it loaded equally on a second factor.
We were concerned that inclusion of the drug-induced psychosis codes in the CCS-MHSA that were not associated with drug withdrawal (drug-induced disorder-LDC codes 292.1x, 292.2x, and 292.8x) would weaken the specificity of the index by identifying women who might have a medically induced psychosis or a condition related to therapeutic drug use. The 292.1x code had only 60.3 % co-occurrence with EDC codes, which did not meet our inclusion criterion of 67 %, while the other two codes (292.2x and 292.8x) had C67 % agreement. We re-ran the factor analysis without 292.1x, 292.2x, and 292.8x, and found a poorer factor structure (factor one Eigenvalue = 1.18; the drug-induced disorder-LDC did not have a significant factor loading). Therefore, we elected to keep these three codes as indicators. We retained codes for major tranquilizers (e.g. 969.3x) as indicators, even though they are not themselves drugs of abuse and dependence because their C75 % rate of co-occurrence with dependence was far higher than the proportion of women with a co-occurring mental health disorder would suggest [19] .
Statistical Analyses
Data linkages and analyses were performed using SAS 9.2 (SAS Institute, Inc., Cary, NC). The EMSANT-W and CCS-MHSA identification algorithms were both conducted to determine the numbers and percentages of women who would be classified as having an SUD by each method. Counts were created using the substance identified by the diagnosis codes, and percentages with 95 % confidence intervals (95 % CI) were compared across EMSANT-W and CCS-MHSA for alcohol; cocaine; opiates; sedatives, barbiturates, hypnotics, and anesthetics; cannabis; hallucinogens; amphetamines/sympathomimetics; tranquilizers; other psychotropics, analeptics, other central nervous system stimulants, dietetics, parasympatholytics; analgesics/ antipyretics; and other/mixed/unspecified drugs that met inclusion criteria.
Results
The EMSANT-W algorithm identified 103,059 (6.0 %, 95 % CI 5.9, 6.0) women as having an SUD, and the CCS-MHSA identified 99,796 (5.8 %, 95 % CI 5.7, 5.8) women; 98,843 women were identified by both methods (Table 2) .
EMSANT-W identified 4,116 women who were not identified through the CCS-MHSA and did not identify 853 women whom the CCS-MHSA did identify. Table 2 presents examples of differences in capture rates for single codes that were the largest contributors to the differences between the algorithms. Factors responsible for the majority of the additions were inclusion of E-codes and expansion of the list of SUD-related poisonings, and those responsible for the majority of deletions were the use of inclusion/exclusion rules and excluding mental health conditions not necessarily related to SUD. Table 3 presents the number of women identified by each algorithm with SUD by types of drugs used. Using EMSANT-W, the substance types identified for the highest percentage of women were alcohol (66.1 %, 95 % CI 65.8, 66.4), other/mixed/unspecified drugs (38.6 %, 95 % CI 38.3, 38.9), and opiates (25.2 %, 95 % CI 24.9, 25.5). The CCS-MHSA identified fewer women with alcohol (62.8 %, 95 % CI 62.5, 63.1) and other/mixed/unspecified drugs (34.8 %, 95 % CI 34.5, 35.1) codes, and more women with opiate codes (28.2 %, 95 % CI 27.9, 28.5).
Moreover, EMSANT-W identified 4,724 (4.6 %; 95 % CI 4.5, 4.7) women through affected babies, a substantially higher percentage than was identified through CCS-MHSA (3,707, 3.7 %: 95 % CI 3.6, 3.8) (Table 3 ). For women identified solely through pregnancy/infant codes, the capture rate was almost double for EMSANT-W (418, 0.4 %: 95 % CI 0.4, 0.4) compared to CCS-MHSA 228, 0.2 %: 95 % CI 0.2, 0.2).
Discussion
In this sample of women who used Massachusetts hospital services, EMSANT-W identified 103,059 (6.0 %) with indicators of SUD that should initiate diagnostic assessment and treatment or post-treatment monitoring if needed. EMSANT-W likely has greater specificity than the CCS-MHSA in that it excludes mental health conditions not directly related to SUD, and it is inclusive in that it captures a larger number of SUD-related diagnostic codes for conditions of pregnancy, delivery and neonates, in addition to general conditions. The proportion of women identified with SUD through EMSANT-W is comparable to that of women in the National Survey on Drug Use and Health [8] . EMSANT-W identified 4,116 (4.1 %) more women with a likely SUD in comparison to the CCS-MHSA, in large part due to expanding the ICD-9-CM indicator list, an adaptation based on the methodologically rigorous SNI, in order to capture prescription and other drug abuse. The CCS-MHSA identified 853 women with SUD that EMSANT-W did not, largely due to the latter's exclusion of records with cooccurring diagnoses for mental health or physical conditions that lack specificity in relation to SUD, particularly conditions that are more common or only occur in women, such as rheumatoid arthritis [36] and anesthetic complications of labor and delivery, respectively. This adaptation from the SNI was intended to reduce false positives likely captured by the CCS-MHSA, which does not distinguish substance abuse and mental health disorders, or physical health disorders that require medication by drugs with abuse potential. (Some of these latter enhancements might also be applicable for future efforts to enhance men's SUD estimations methods using the CCS-MHSA.)
The gender tailoring in EMSANT-W has the potential to improve specificity of SUD identification in women.
General population data is always an appropriate starting point, but tailoring to specific groups may be more desirable when there is an established basis for difference between the groups. The prevalence of SUD, types of drugs used, patterns of entry into treatment and health outcomes associated with SUD are known to differ by gender [38] . From the perspective of life course theory, women of reproductive age have unique trajectories, transitions, and points of vulnerability; the emergence of SUD and associated conditions and consequences may be missed by a more general approach.
National Survey on Drug Use and Health state prevalence estimates are carefully constructed and widely cited, but limited by the nature of representational polling. In Massachusetts, for example, estimates are constructed from a sample of 1,000 persons; fewer than 500 will be women, and approximately 10 % of those will report current use of illicit drugs [19] . EMSANT-W provides states with an epidemiological research tool that can provide better prevalence estimates than national representative surveys. It may have greater sensitivity than the CCS-MHSA for identifying women of reproductive age with need for SUD treatment or follow-up monitoring, a hypothesis which requires testing in a validation study that was beyond this project's scope. As states build linkages across vital records, health, and social service data systems, opportunities to further examine the properties of EMSANT-W will increase. The process used to develop the EMSANT- W is not dependent on the ICD-9-CM indicator codes used and is adaptable to the 10th edition of ICD codes. As a public health tool, EMSANT-W could be used by local, regional, or state entities to estimate need for treatment and to identify gaps in access to care. Although EMSANT-W was designed to capture substance abuse that has clinical consequences, there are some important limitations to consider. Several factors may contribute to overestimation of the total sample size and number with SUD, including data linkage across multiple hospitals for women without a UHIN, clinicians' continuation of SUD related diagnostic codes for women who are currently abstinent, and our inclusion of poisoning by drugs that are not themselves substances of abuse. Our criterion of C 67 % co-occurrence between LDC and EDC may limit this source over-identification, but further examination by varying that criterion would allow better characterization of the appropriateness of these codes. The convergence of our prevalence findings with national survey data provides some reassurance that these issues are not major confounders.
Furthermore, this study is limited to women whose contact with hospital services generated an ICD-9-CM code, so it does not include other types of indicators such as outpatient doctor visits, or participation in Alcoholics or Narcotics Anonymous. In particular, all algorithms may under-identify prescription drug abusers, because of difficulty defining abuse of prescription drugs. On the other hand, inclusion of unspecified poisonings may have cast the net too widely. Our decision rules reflect an attempt at a balancing process-an effort to assure specificity without losing significant numbers of women with indicators of the need for a comprehensive SUD evaluation. This article documents the initial development of an SUD grouping algorithm by a multi-disciplinary team. We recommend continued discussion and refinement of inclusion and exclusion criteria by the field, especially as all-payer claims data become available.
This study demonstrates the utility to states of creating longitudinal and cross-system linkages to enhance capacity for population health research that states can use to improve health care. EMSANT-W creates an internally valid and feasible population-based tool for SUD identification among women of reproductive age through tailoring of existing medical diagnostic code groupers to a specific clinical definition and a particular population. It provides a robust method to use hospital data available in all states to provide estimates for assessing state-specific needs for treatment. The data system linkage conducted for this study could be reproduced in other states to identify women in need of SUD treatment. Future uses include tracking outcomes that affect the health of women of reproductive age and their offspring.
